Abstract Platelets express glycoproteins (IIb/IIIa, Ib/IX, Ia/IIa, IV, and HLA-1) that are polymorphic and can become targets for antibody responses. Patients at threat are those who received multiple platelet transfusions. Modified antigen capture elisa (MACE) is a qualitative solid phase Elisa designed to detect IgG antibodies against platelet specific antigens. The study has been carried out over a period of 2 years. A total of 100 patients were selected, who had been transfused with at least 15 units of platelet concentrate. All patients were having either hematological malignancies or bone marrow failure syndromes. Platelet antibodies were identified using MACE-1&2. Data was analysed statistically, using odds ratio (OR) with 95 % confidence interval. 39 % of the patients were found to be alloimmunized against platelet antigens, of which eleven showed refractoriness. Six patients (54.5 %) with HLA-1, two patients (9.5 %) with GPIb/IX, two patients (40 %) with both HLA-1 and GPIIb/IIIa, and one patient with GPIIb/IIIa antibodies showed refractoriness. Production of HLA-1 antibody and the development of refractoriness was found to be significant with OR 14.05 and P value 0.0025. MACE-1&2 enabled specific detection and identification of platelet antibodies, which in turn correlated well with the development of refractoriness in multi transfused patients. GPIb/IX was detected as the commonest antibody in our patient population, which is in variance with Europian studies where it is GPIa/IIIa (HPA1a/5b). This technique should be utilised in patients who are at an increased risk of developing alloimmunisation due to repeated platelet transfusions.
Introduction
Platelets express a variety of polymorphic glycoproteins (GPs) like GPIIb/IIIa, GPIb/IX, GPIa/IIa, GPIV, and class I Human Leukocyte Antigen (HLA). GPIIb/IIIa, GPIb/IX, GPIa/IIa, and GPIV are grouped as platelet specific antigens (PSA). In the platelet transfusion setting, alloimmunization involves the production of antibodies against these GPs. Patients transfused with multiple units of platelet concentrates over a longer periods of time, such as those suffering from haemato-oncological diseases and bone marrow failure syndromes, are the main victims for platelet alloimmunization. Platelet refractoriness is defined as an increase in the platelet count after transfusion that is significantly lower than the expected response [14] . Approximately 20-85 % of patients who receive multiple platelet transfusions become immunized against one or the other platelet antigens (HLA and/or PSA) and approximately 30 % of patients who are alloimmunized develop refractoriness to platelet transfusions. In a study by Kerkhoffs et al. approximately 67 % of the cases of platelet refractoriness were due to nonimmune factors alone, whereas platelet alloimmunization was responsible for the remaining cases [10] . HLA class I antibodies are involved in most alloimmunization cases, whereas PSA may be involved in approximately 10-20 % of refractory cases. Combinations of both types of antibodies are involved in approximately 5 % of cases [3] . Patients without prior sensitization, develop antiplatelet antibodies approximately 10-26 days after the transfusion while patients previously sensitized due to transfusion, pregnancy or organ transplantation develop antiplatelet antibodies as early as 4 days after transfusion Sanz et al. [17] . The platelet antibody detection assays appeared later as compared to red cell serologic assays for diagnosis of immunologic disorders. This might be because of two reasons: firstly due to difficulty in separating platelets from whole blood specimens, and secondly, the detection of platelet antibodies would require to have an advanced technique to measure release of platelet contents or direct interaction of immunoglobulin with their corresponding platelet surface antigens [16] .
There are three groups of assays currently available to detect platelet antibodies. The earliest were Phase I assays that involved mixing of patient serum with normal platelets and used platelet function-dependent endpoints such as alpha granule release, aggregation, or agglutination. These were followed by Phase II assays that measured either surface or total platelet associated immunoglobulin on patient or normal platelets after sensitization with patient serum. Recently Phase III assays have been developed which require the binding and detection of antibodies to isolated platelet surface GPs and or HLA class-1 antigens.
MACE technique is a Phase III assay, in which the elisa plate microwells are coated with platelet-specific monoclonal antibodies which capture epitope carrying molecules from a platelet lysate onto a solid matrix, and their corresponding immunoglobulins, if present in the test sera are identified.
MACE-1&2 are qualitative solid phase enzyme linked immunosorbent assay (ELISA) designed to detect IgG antibodies to HLA class-1 antigens and to epitopes on the platelet glycoprotein IIb/IIIa, Ib/IX, Ia/IIa and IV. Confirming the presence of these antibodies in patient serum, would help in the search for potentially compatible platelet products.
This study has been done to detect the development of anti-platelet antibodies in patients who are transfused with multiple units of platelet concentrate by utilizing MACE-1&2 techniques. Platelet refractoriness was assessed by measuring the corrected count increment (CCI) at 1 and 24 h after transfusion.
Materials and Methods
This is a prospective, analytical study carried out in the Department of Immunohaematology and Blood Transfusion, of a tertiary care hospital in Pune, Western India, over a period of 2 years from June 2010 to May 2012. The study was carried out after taking approval of Institutional Ethical committee, and informed consent from the patients.
Patient's Selection
A total of 100 patients were selected, who had been transfused with at least 15 U of random donor platelets (RDP) and/or single donor platelets (SDP). All the patients were having either hematological malignancies or bone marrow failure syndromes. The disease conditions amongst study population requiring RDP/SDP transfusions are shown in Fig. 1 . 
Sample Collection and Storage
Whole blood samples from 100 patients who had been transfused with more than 15 units of platelet concentrate were collected in EDTA vacutainer using aseptic technique. Plasma was separated by centrifugation, aliquoted in small volumes (1.5 mL) in plastic eppendorf tubes and stored frozen at -24°C. Frozen samples were thawed just prior to the testing.
Exclusion Criteria
Patients transfused with \15 units of platelet concentrate, patient with microbial infection and/or hemolysis are excluded from the study.
Methodology
Whole-blood measurements of platelet count before and after (60 min and 24 h) transfusions had been used to assess the effectiveness of platelet transfusions, which was assessed by corrected count increment (CCI). Formula used to calculate CCI 
Data Analysis
Data was analyzed statistically by using odds ratio (OR) with confidence interval (CI) of 95 %. Data entry software Epi-Info (Version-7) was used to determine the association of anti HLA-1 & anti GPIIb/IIIa antibody with the development of platelet refractoriness. P value of \0.05 was considered statistically significant.
Results
Hundred samples from multiple platelet concentrate transfused patient were processed by modified antigen capture ELISA (MACE-1&2) technique. Eleven patients (11 %) were found to be positive for anti HLA-1 antibody. Anti-GPIIb/IIIa antibody was detected in two patients (2 %), and twenty-one patients developed anti GPIb/IX antibody (21 %). Five patients (5 %) showed both anti HLA-1 & anti-GPIIb/IIIa antibodies. Total 39 % of the patients were found to be alloimmunized against platelet antigens, of which eleven showed refractoriness. Six patients (54.5 %) who developed anti HLA-1, two patients (9.5 %) with anti GPIb/IX, two patients (40 %) with both anti HLA-1 & anti-GPIIb/IIIa antibodies, and one patient with anti-GPIIb/IIIa antibodies showed refractoriness (CCI \ 5,000 on two consecutive occasions). Of eleven patients who showed refractoriness seven (63 %) were females. Eight patients showed CCI \ 5,000, both 1 and 24 h after two consecutive ABO matched platelet concentrate (PC) transfusions. Remaining, two patients showed CCI \ 5,000 after 24 h and one patient showed after 1 h of two consecutive ABO matched PC transfusions (Table 1) . Two patients who did not show any antiplatelet antibodies, showed refractoriness. Relationship between the production of anti HLA-1 antibody and the development of refractoriness was found to be significant with OR 14.05 and P value 0.0025, which is shown in Fig. 2 .
Details of the positive results are shown in the Table 1,  and Table 2 shows the characteristics of MACE positive and MACE negative patients. Statistical analyses of the results are shown in the Table 3 .
Discussion
Platelet refractoriness is a clinical condition in which patients do not achieve the anticipated platelet count increment from a platelet transfusion. Refractoriness is usually defined as the occurrence of two consecutive posttransfusion platelet count increments, corrected for the patient's size and number of administered platelets, at 10-60 min and at 18-24 h post-transfusion below 4,500-5,000 and 2,500 platelets per microliter respectively (Haematologica 2005; 90:247-253). Refractoriness does not necessarily imply alloimmunization. Indeed, the major cause of refractoriness to platelet transfusion are nonimmune factors that result in shortened platelet survival and markedly decreased platelet recoveries in patients who receive multiple transfusions [1, 2, 6, 19] .
Drug-dependent platelet antibodies should be suspected in refractory patients with no evidence of alloimmunization or when they fail to respond to HLA-matched platelets, and the refractory responses are temporally related to drug therapy [21] .
Non-immunological factors are responsible in 72-88 % of cases of refractoriness in patients with haematological diseases, while HLA antibodies in 25-39 % [6, 12] . Presence of HLA antibodies in the transfusion recipient are Fig. 2 Relationship between anti HLA-1 Ab positivity and the development of refractoriness strongly associated with platelet refractoriness, but the relationship between PSA and refractoriness is weaker. About 45-70 % of chronically transfused patients developed anti-HLA class I antibody [11] while antibodies to PSA are found in 2-17 % [18] .
In addition to platelets, transfusion of other blood products contaminated with leukocytes, and pregnancy also enhances the risk of HLA alloimmunization. 14 % of women who have had one or two pregnancies, and 26 % with three or more pregnancies can develop anti-HLA-I antibody [5] .
There is a dose-response relationship between the number of exposures and the rate of alloimmunization i.e. more the donor exposure more would be the chance of alloimmunization and vice versa. Donor exposure can be minimized by using apheresis platelets, which provide adequate doses of platelets from a single donor rather than pooled platelet concentrates from multiple donors [8] . The contaminating donor leukocytes plays a major role in HLA alloimmunization in multiplatelet transfused patients, as suggested by various studies. One such study conducted by Murphy et al. showed that when leucodepleted platelets are transfused, primary immunization to HLA is delayed or does not occur at all, whereas unmodified platelet concentrates are associated with a rate of HLA alloimmunization ranging from 19 to 71 % [7, 15] .
Antibodies to Class I HLA antigens can significantly affect the recovery and survival of transfused platelets. The risk of HLA alloimmunization is influenced by several patient and blood component factors. Transfused patients who were exposed previously to allogeneic HLA via transfusion or pregnancy developed HLA antibodies sooner. The underlying disease for which patients require platelet transfusion also influences the rate of HLA alloimmunization.
In our study, we found that 39 out of 100 (i.e. 39 %) of multiply platelet transfused patients have developed antiplatelet antibodies detected by MACE-1&2 tests, of which 11 patients showed refractoriness. Two patients did not develop antiplatelet antibody but they showed refractoriness. The rate of refractoriness amongst our multiple transfused patients population are similar to other studies, which showed an incidence of refractoriness of 5-15 % [20] .
Eleven cases of refractoriness were because of immunological causes (i.e. antibody against HLA-1 and PSA), and two cases were due to some non immunological causes including history of drugs intake, fever, sepsis and bleeding etc. Of the eleven cases of immune etiology, two had acute myeloid leukaemia, two were diagnosed as immune thrombocytopenic purpura (ITP) and two had myelodysplastic syndrome. Aplastic anemias, acute lymphoblastic leukaemia, chronic myeloid leukemia, Hodgkin's Lymphoma and Non Hodgkins Lymphoma (NHL) were diagnosed in remaining five cases ( Table 1) .
Two of three ITP patients had refractoriness and the antibody detected was HLA class-1. Transfusions in these situations should be made cautiously, with appropriate testing and cross matching if required, so that the risk of alloimmunization can be minimized and the patients can be transfused safely.
The first international study to compare methods for the detection of GP-specific PA-IgG was reported in [4] . Crossley et al. compared the Monoclonal Antibody-specific Immobilization of Platelet Antigens (MAIPA) and immunobead assays for the detection of GP IIb/IIIa-specific PAIgG. The study showed MAIPA assay to be more reproducible than the immunobead assay, and the sensitivities were similar [4] . Recently, MACE and MAIPA were compared for the detection of GP IIb/IIIa-specific PA-IgG of 81 samples from thrombocytopenic patients. The GPspecific assays were found to be alike in sensitivity (39 %) and specificity (91 %) [22] . Although the sensitivity and specificity of the two methods (MAIPA and MACE) are almost similar, the procedure of MAIPA is quite tedious and time consuming. MAIPA takes around 10-12 h to complete the procedure while MACE takes only 4-5 h. MAIPA involves the use of anti-goat and anti-mouse antibodies and thus enhances the risk of getting false positive results [9] . In contrast, the MACE assay separates the sensitization and immobilization steps and thus human antibody has no opportunity to bind to immobilizing murine MoAb, minimizing the risk of false positivity to a large extent. The advantage of each of these antigen capture techniques is the ability to exclude non-platelet specific reactivity, since the MoAbs used to immobilize the immune complexes are specific for platelet GPs. With such assays, it is possible to detect antibodies specific for each of the recognized alloepitopes that have been described on the platelet surface GPs. Use of panels of platelets with known alloantigen phenotypes allows the identification of platelet antibody specificities in the evaluation of platelet alloimmune disorders. The drawbacks of these Phase III tests are that they are technically demanding to perform, requiring experienced technologists, and panels of typed platelets with which to perform the tests. Special attention has to be paid in performing the test, as the reaction wells in microtitre plate is small and specimen carryover and contamination has to be avoided. A further potential disadvantage of antigen capture assays is the possible disruption of alloantibody epitopes by detergent solubilization [13] . The risk of alloimmunization among multiple platelet concentrate transfused patients is one of the major issues of current haemotherapy. MACE is an efficient technique for detection and identification of anti-platelet antibody. It is effective in detection of major types of anti-platelet antibody such as anti-HLA-1, GPIIb/IIIa, GPIb/IX, GPIa/IIa and GPIV. The solid phase GP specific assays (MACE) appear to have improved specificity in distinguishing immune from non-immune thrombocytopenia.
HLA sensitization is the most common immune cause of platelet refractoriness in multiple transfused patient and can be diagnosed by demonstration of significant levels of HLA Class I antibodies in the refractory patient's serum by MACE-1. When antibodies to HLA antigens are demonstrated, a widely used approach is to supply apheresis platelets from donors whose Class I HLA antigens are similar to those of the patient. HLA-matched platelets should be leukodepleted to reduce the risk of alloimmunization. MACE-2 testing has an added advantage of selecting platelets when the antibodies involved are directed at platelet specific, rather than HLA antigens.
An important observation of this study is that, in our patient population the most common platelet specific antibody detected was GP Ib/IX, unlike in the west, where it is GPIa/IIIa (HPA-1a/5b). This is the first study of this kind in India.
In conclusion, MACE-1&2 enabled specific detection and identification of platelet antibodies, which in turn correlated well with the development of refractoriness in multiple platelet concentrate transfused patients. This technique should specifically be utilised in the patients who are at an increased risk of developing alloimmunization due to repeated platelet transfusions, thereby permitting us to provide matched platelet units which will help in reducing the risk of refractoriness.
